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INTRODUCTION
During palatogenesis, the expression of transforming growth factor β1 (TGF-β1) and TGF-β2 accelerates the merging of the palatal processes; 1,2 while TGF-β3, which is synthesized by mesenchymal cells, contributes to the dispersion of the epithelium of the medial edge (EME) during palatal fusion. [3] [4] [5] It also regulates the interactions between epithelium and mesenchymal cells involved in the formation of the palate, skin, teeth, glands, among other organs, [6] [7] [8] [9] so that the failure of both of TGF-β as well as bone morphogenetic protein (BMP) leads to a variety of craniofacial deformities including cleft palate. 10 On the other hand, the type III receptor, also called β-glycan, is distributed in epithelial and mesenchymal cells; it can bind to all isoforms of TGF-β, 11 which can be anchored to the membrane or secreted in a soluble form. [12] [13] [14] The loss of TGFβ-RIII prevents the elongation of the palatal process and its elevation, which causes the cleft. 15 This is in part because of a reduction in the expression of genes TGF-β and BMP type I receptor, causing a suppression of the signaling for TGFβ-RIII, which affects the balance of such signaling pathways for adequate tissue formation. 16 I n s o m e s t u d i e s c o n d u c t e d t o e v a l u a t e palotogenesis by means of immunohistochemistry in murine samples in vivo and in vitro, it was determined that the expression of TGF-β3, and TGFβ-RIII 17 in the palate occurs when the crests present a vertical orientation. This immunoexpression was located in epithelial cells.
Epithelial distribution was preserved during the elevation of the palatal crests and destruction of the medial epithelium. After palatal fusion, we observed a low expression of TGF-β3, [17] [18] [19] [20] [21] [22] so that some previous studies showed inhibition of the signaling for activation of TGF-β3 in murine samples taken from the palate. 23, 24 However, mice lacking expression of TGF-β3 showed defects in palatal fusion, so that the expression of TGF-β3 is strictly limited to the epithelium of the palatal midline before fusion. [25] [26] [27] [28] [29] With regard to the receptor, in an experimental study in mice, it was demonstrated that the expression of TGFβ-RIII during palatogenesis occurs through the epithelium, and is located specifi cally in the epithelium of the edge during fusion of the palatal crests. [30] [31] [32] In addition, the lack of expression of TGFβ-RIII leads to an alteration in the proliferation and induction of apoptosis, as well as endothelial affection and reduction of mesenchymal cells, which affects the development of osteoblasts. 33 The objective of this study was to determine the immunoexpression of TGF-β3 and TGFβ-RIII in a sample of tissue from the cleft of child patients with complete or incomplete non-syndromic cleft palate, not treated with palatoplasty.
Prior to taking the sample, the informed consent was signed by the parents or guardians of each patient and the process of obtaining the sample was approved by the Research Ethics Committee of the General Hospital «Dr. Manuel Gea González».
MATERIAL AND METHODS

Sample selection
The sample consisted of 18 patients who had complete cleft palate and two patients with incomplete cleft palate; both were non-syndromic. Eight patients were female and 12 male, from five to 28 months of age, all of them scheduled for palatoplasty for the first time.
During the study we proceeded to collect a sample of tissue at the surgical procedure, which was obtained by the plastic surgeon in charge, who provided the tissue without involving an additional risk for the health of the patients.
The tissue was taken from the palatal mucosa at the site of the cleft, with a size of 0.3 to 0.5 cm. The samples were fi xed with formalin in a phosphate buffer solution at 10% (MEYER) and stored at 4 o C for 8 hours. Afterwards, they were placed in a PBS solution.
Preparation of the immunohistochemistry for TGF-β3 and TGFβ-RIII
Histological sections were performed for each sample, of 3μ each, with their respective control. The TGF-β3 antibody was previously tested in samples of small intestine (Figure 1) , while the antibody for TGFβ-RIII was tested previously in samples of the HepG2 cell line ( Figure 2 ), and human being pancreas.
The tissue samples were left to dry and de-paraffi n at 60 o C overnight. Immunohistochemistry was performed in a VENTANA BenchMark Ultra machine.
For the TGFβ-RIII primary monoclonal antibody (ab78421, abcam), the UltraView detection system was used (Reference 760-500, LOT E06611, expiration date 20-09-2016). The option of de-waxing at 72 o C was selected, cellular conditioning (CC1) was conducted for 20 minutes and the primary antibody was incubated 20 minutes at 36 o C.
For the TGF-β3 polyclonal antibody (SC-82, Santa Cruz Biotechnology, Inc.), an OptiView detection system (Reference 760-700, Lot F08259, expiration date 28-10-www.medigraphic.org.mx 2017) was used. The option of de-waxing at 72 o C was chosen with cell conditioning (CC1) for 16 minutes. The antibody was incubated for 12 minutes at 36 o C.
Evaluation of the expression of TGF-β3 and TGFβ-RIII by immunohistochemistry
Tissue observation was performed with a binocular microscope (Axio Lab. A1). The images were taken with a ZEISS Axiocam ERc 5s camera.
Monitoring and evaluation was performed by an expert pathologist who assessed the presence or absence of expression of TGF-β3 and TGFβ-RIII in the samples through the overall impression of the cells that were stained at different areas of the evaluated cleft tissue.
Statistical analysis
The information was analyzed using the SPSS v20.0 statistical package. Descriptive statistics was used. For qualitative variables, percentages were used and for quantitative variables, central tendency and dispersion measurements were used. χ 2 test was performed for nominal variables to compare the expression of TGF-β3 and TGFβ-RIII with complete or incomplete cleft palate.
The level of significance was established at p < 0.05.
RESULTS
In this study, male patients corresponded to 60% (Figure 3 ) of the sample with an average of 13.00 ± 5.93 months of age (Table I) ; whereas the female patients corresponded to 40% (Figure 3) , with an average of 14.25 ± 5.44 months of age (Table I) . Ninety percent of the cases had a complete cleft palate and 10%, incomplete cleft palate (Figure 4) .
The patients came from the States of Mexico (40%), Mexico City (40%), Guerrero (10%), Guanajuato (5%) and Oaxaca (5%) ( Figure 5) .
The extent of the cleft palate was 8 to 16 mm ( Figure 6 ), the mean for male patients was 11.66 ± 1.96 mm and in female patients of 11.37 ± 3.20 mm (Table II) .
A bigger cleft size was observed in the samples of complete cleft palate (11.83 ± 2.40), than in incomplete cleft palate (9.00 ± 1.41).
When comparing the frequency with which TGF-β3 and TGFβ-RIII were expressed, the following information was found:
A higher positive expression of TGF-β3 was observed in the membrane and cytoplasm of (Table III and Figures 7 and 8) .
In regard to TGFβ-RIII, we observed a higher positive expression in the membrane and cytoplasm of fi broblasts than in the membrane and cytoplasm of epithelial cells in complete cleft palate. In samples of incomplete cleft palate, there was a negative staining for TGFβ-RIII (Table III and Figure 9 ).
When performing the χ 2 test, a p = 0.008* was observed in cases of complete and incomplete cleft palate, with expression of TGF-β3, which could indicate a difference between study populations in terms of type of cleft palate, and therefore, it would be important to increase the number of samples of incomplete cleft palate in subsequent studies (Table III) .
DISCUSSION
This study determined the immunoexpression of TGF-β3 and TGFβ-RIII in a tissue sample from complete and incomplete clefts of male and female patients who underwent palatoplasty at the General Hospital «Dr. Manuel Gea González». This expression On the other hand, more samples from patients with complete cleft were assessed in comparison with those from incomplete cleft patients. Besides, there was no significant difference in cleft width between female and male patients. This was probably due to the fact that patients received presurgical orthopaedic treatment prior to the palatoplasty.
During the evaluation of TGF-β3 samples in cleft palate, positive expression was observed in all epithelial cells, which is consistent with the data observed in murine samples. [17] [18] [19] [20] [21] [22] In addition to squamous epithelium corresponding to the palate, epithelium of the respiratory type was detected due to the pathological anatomy resulting from the lack of fusion of the palatine crests, which allows the connection between the oral and nasal cavity. 34 It was noted that the squamous and respiratory epithelium was positive in the majority of cases with complete cleft palate, which is consistent with what 
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Este documento es elaborado por Medigraphic was previously reported in humans, indicating that moderate expression of TGF-β3 has been detected in respiratory epithelium cells. 35 The comparison of the expression between cases of complete and incomplete cleft palate was not adequate from the statistical point of view, however, when observing the expression of TGF-β3 in the cytoplasm of complete and incomplete cleft palate epithelial cells, there was a trend toward an increased positive expression of TGF-β3 in the epithelium of complete cleft palate.
On the other hand, upon evaluation of TGFβ-RIII expression in epithelial cells of complete and incomplete cleft palate, there was a trend toward a lower positive expression in epithelium when compared with the expression of TGF-β3. This fi nding differs from those of previous studies, [30] [31] [32] in which it was showed that the expression of TGFβ-RIII during palatogenesis occurred in the epithelium.
This difference between our data and those reported in the literature, might suggest that there is a failure in signaling during inhibition or reduction of the expression of TGFβ-RIII in epithelial cells.
However, the expression of TGF-β3 and TGFβ-RIII in fi broblasts, showed no differences.
On the other hand, this study does not coincide with those performed on murine samples, because in spite of both being mammals species, 36 in humans it is observed in the majority of cases a positive inmunoexpresion; while in murine samples the absence of inmunoexpresion of both TGFβ3 and TGFβ-RIII 16, 23, 24, 37 has been detected. This could be due to the difference in pathophysiology between human and mouse.
In addition to the abovementioned, the expression of TGF-β3 and TGFβ-RIII could be related to the patient's age, so age might represent another variation in the results found in mice. It would be necessary to assess the expression of TGFβ3 and TGFβ-RIII in control samples of healthy patients, from 0 to 3 years of age.
In subsequent studies it would be interesting to explore the differences between these types of cleft palate and cells that express TGF-β3 and TGFβ-RIII therefore it would be necessary to increase the number of samples of incomplete cleft palate.
The results of the present study are all related to what has been previously reported for the placement of grafts in patients with palatal fissures because by using platelet-rich plasma, at the time of clot formation, they might release platelet-derived growth factors such as the vascular endothelial growth factor, type β transforming growth factor, epidermal growth factor, fi broblast growth factor, among others, which would induce the expression of TGFβ-RIII at epithelial level [38] [39] [40] and thus strengthen the bone graft, so this is one more reason to increase research on the subject.
CONCLUSIONS
After performing the immunohistochemistry of TGFβ3 and TGFβ-RIII, it was concluded that the absence of expression of TGFβ-RIII in the epithelium of complete and incomplete cleft palate, could be related to the lack of fusion of the palatine ridges.
It would be of great interest to continue to analyze in greater depth their expression in more and different cell populations besides fibroblasts and epithelial cells.
